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The gamma rays and X rays emitted from planetary surfaces can be
detected and used to detecrmine the abundances of many el enments. Parts of
the lunar surface were guantitatively mapped using ganmma- ray anti x-ray
spectrometers on Apolle 15 and 16. Gamma-ray spectra were obtained from
Mars by gamma-ray spectrometers (GRS) on the Soviet Mars- 5 anti Phobos- 2
spacecraft . The Viking landers determined el enental abundances by x-ray
fluorescence  (XRF). Venus’s surface compcsition has been studied Using
Soviet GRS and XRF systens. More recently, improved gamma-ray and Xx-ray
spectrometers have been built for severs] planetary orbiters, including the
Mars Cbserver.
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To plan for future planetary missions that will reguire measurenents of
elemental abundances, & team was established four years ago under NASA
Planetary instrument Definition and Development Program (PIDDP) . The
leader of this team has been J. 1. Trombka. This team combines resources
from various NASA centers, other government, laboratories, some
universities, and several compan:ies. The goals of the PIDDP- supported work
by this team have been to devel op better gamma- ray and X—ray spectrometer
systens, to study the performance of such systens under a wide range of
environmental conditions, and to plan for future planetary missions. The
X- ray spectrometer (XRS) and GRS for the Near EKarth Asteroid Rendezvous
(NFAR) mission resulted from work done by this team, as did several GRS
systems on the Russian Mars-96 mission. Some of the results of this
gamma- ray/ X- ray PIDDP team are summari zed here.

Semi- conductor Gamua-Ray Spectroneters

High- energy resolution i s very important to help resolve the many ganma
rays produced in planetary surfaces by primary and secondary cosmic- ray
particles. Germani um (Ge) has the best energy resolution but must. be below
about 130 K to operate. Studi es have been done on cooling GeGRS systems on
planetary missions, including mechanical coolers anti passive radi ators. New
cryotechnologies, such as using |asers, are also being considered for
planetary missions,

Semi-conductors that can operate near room tenperature, such as
cadmiun- zinc telluride, are being studied. While the energy resolution s
not as good as Ge, the ability co work without |arge, powerful cooling
systenms is a bhig advantage for these detectors. Our experience with such
systems is limited, especially as it relates to planetary missions.

Several studies are examining the possible use ¢f such detectors on future
m: SSI ons .

Scintillator Gamma-Ray Spectroneters

Some scintillators, such as Nai (1l), have peen around for decades, anti
their performance i S well known. Scintillators do not need cooling ‘but have
much poorer energy resolution than most Sem -c:onductors. Some new
scintillator materials, such as bismuth germanate (BGO), gadolinium
oxyorthosilicate (GSO), and lutetium oxyorthosili cate (1,50) have been
studied for use in planetary gamma- ray spectroscopy. rO8sible problems
that have been identified with some of these new scintillators include
natural radiocactivity in the lutetium of 1.S0 anti capture of neutrons by
gadolinium in GSO.

Gamma- Ray Spectrometer Systens

Methods to inprove the performance of gamma-ray spectrometersinclude
act ive anti passive shields and collimators. Such systens reduce unwanted
signals. 7The NEAR GRS uses a BGO collimator so that the main Nal detector
only views the asteroid. Besides rejecting charged particles, this
col limat or also reduces backgrounds by identiityihg gamna rays that. have
ouly partially been absorbed in the primary detector, such as by Compton
scattering or pair production. For scintillators, new methods to detect
the light emitted as the result of gamma-ray interactions are being
investigated.

X-Ray Spectroneters

To date, nMOSt planetary X- ray spectrometers have used proportional
counters With balanced elemental filters to distinguish among incident
X rays at energies bel ow 2 keV. New x-ray detectors being studied include
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systens . A thermo-el ectrically cooled 1.2 mu~2 si~.icon PIN detector :s
being used as a solar monitor on the NEAR XRS Many of these svstens lack
the volume or surface area needed for planetary systens, “hius methods to
stack or link such detectors are being studied. Sone of thesedetectors
are also being considered for detecting photons made by var:ous
scintillators.

rnvironmental Effects

The effects of cold and hot temperatures on various x-ray andgamma-ray
spectrometers have been studi ed. Some detectors, such as BGO, work better
at cold temperatures.

The effects of radiation on these detector S often ars Seri ous. Nays to
reduce or remove radiation damage 1nduced by ¢h arged pa rti cles in germaniumn
have been studied. The radiocactivities made :n detector materials are
being studied using system studies, accelerator Irradiations, and returning

material from space flights. Some systens are being flown in space or 0N
balloons or are peing exposed to radiations similar to that in space to
study t.heir performance and to better understand their backgrounds and
operation .

Active mIxcitation Sources

Most planetary x--ray and gamma-ray missions use natural exe].lLatlcll
sources, such as solar X rays or the high- ener gv part icl es in the galactic
CO SWM1C rays . The ability to use artificial scurces of x rays and neutrons
with ¥xrg and GRS systems 1s being studisd for surface misSsicns. Some wor
has focused on getting sources that requilire 1cw power and low m&ss.
Excitation sources used for other applicat:ions, such as well logging, ar>
neing examined for their mcdification for planetary missions.

X

System Studies and Mission ?rofiles
Trade-of{s between miss ion requi rements anti the des: ra=
most or’ the studied systens Deing candidates for some Di

The conbi nati on of systems, such as neutron detectors and gamma- ray
spectrometers, has been studied. The ability of wvar:ious systems to tie*.e,;*,
~ertain el ements, such as nhydrogen, has been examined. Methods to proverly
calibrate such systems for -planetary applicat:ions have been considered

This x-ray/gamma-ray team has shown that there are many ways to
determine eclemental abundances on future nussions. Many of these svst ens
can be used in situ for identification ©f possible resocurces and the
determi nation of their elemental abundances




